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ABl«OrtSI»/J^IB«K^ 1 x l o e -2 x l o 1 0 

a. 
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8X10' -ito«*/«\ 3 . 

KKftffl 3 X 1 O 1 J »tOM/««\ ftipitae 2 . 
fe*M 3 XlO 1 -itdus/cia", 3 . 

&*ttA2 x i o » ••tow*. 1 , &nmx 3 . 

K— L, »*P&£2. 3-C/oia 



3 "C/ttin 

3 1C/»Ja 
B«C/mia 
BtVaia 



urM?n/c^ y =2 ^ x utf/c^ 

B«K^ 1X10 8 -2X10 10 ^r/cm a 
#1 x 1 0 1 2 -1X10 1 5 atoms/cm 3 

%mt?zmmm i (ess ufcs/ y a x- 

^1X10' 3 -1X10' 4 atoms/cm 3 T £> -5 C££ 

[ff^cS4 ] fulHV y a >*J6fl^ xwncdSSSSS 
#9-1 7 ppmar*SCi*1$»<hrS»*3Hl& 

^ntscaoota-rti* i 3WcE»LfcS' y 

1 1 5 0"C3&>6 1 0 8 0°Cl£-C<Dtfmm&*: 1. 0~ 

& ^ c i 4 -r ^ it *js i a: ir» omaa 4 <d i>-r n 

H*#*8 ] ->y 3>#IS*«?x-/NCD«jt#ffiK:*j 

y 3 ^^is, maut swwatt 

^xw^SSfefrS;., 

m&mi ] fulfil a *^t>**-ffifc J: ^TSBR* 
F-^Lfc^yrJ^jefi^WjaS-rSBRfc, R4£*££ 

F-^t^lfiSg^ lxio 1 ^lxio 1 5 
atoms/cm 3 tCfflm.TZ C t 2> IS*® 6 5CsE». 

F-^0^y=i>*l8iW*Tri*r4IH«:. »#<§S 

mc F-^-rsssRaifi* 1 x i o 1 3 i x i o 1 4 

atoms/an 3 RUWflPTS C 4 ZftWitlr KiEig 

[«*S9 ] OTE^ a *^**-fficc J: orS«* 
F-^0fc^y3>^*»*WjRT*|RK:. ttttfea 

*F-^L^y3>*fsa»*wi*rsi»«:, tt«ftt 
ll#<D*£JlJi£gB5<D 1 150W61 08 0 'CST©** 



C2) #g§2 0 0 0-2 11995 

2 

1 . 0 — 4 . 5 ■C/nrinCDlSHCCftOIBli'S C t £ 

«ufc^y=i>#isa»5x-^©«jt*». 

[0 0 0 1 ] 

Sc(CZ80 cc<tor^y3>»te»«l±tf*BR«:. 
io ^*t/y=i>#is*^x-^*Bji-rsajRcBB-r 

[0 0 0 2 ] 

z&) tc<fc o tf ^?n/ci/y 3 >f gg-) x-»;^ 

l^ntl^o C©J:5tt*xy=2>#3esijx-^(cte 

SffcSti/c^-rxccfe^s^'^-^Btt, 0. 3 Mm 
■ J^ft'^-^JRSBSfCB:, 0. 1 Mmf-f XtDSS^ 

[0 00 3] ^CftjSK&oT, CZffitC<fcOflS?n 
fci/y=i>JWIS**CCtt % Crown-in^BiPfKnS, 

^§n^^x-^cD«Ji^K:??SETS<t, f^vx# 

^^fiii, +»sc«3t*rrs«w«Ji (DZ) * 

[0004] ^y=j>#«s^x-^©^Ji»«: 
FeWu mo^m^mmtfi^&r f^vx ^ 

40 >^x-^(o^;u^S5«:y^ ^? y >^if-f h iir, 
r ;»^yy^y>^ ( i g) 3&sigiss D c(D>r 
^x-^©^^«cc5^tt*ffi©rta^j^ 

(BMD) ^M?^Ci«i^4 P &:fo\ CC 
[0 00 5] JBU:©jS*6, i/^y^^x-AO 

so sgjc^cotK; ^ r 7*y>^jKyas*4Wi7 s ^-Y 



3 

CZffi«cj:0*jSS3n*^y=i>#ISft©KSR»tt. * 
[0 00 7] 

v $ y > ^Mygyiffcc j: r «>+d«:isa^ 

[0 008] fe&mvit. 20ppma (J El 

da : B^m^Tmmm^mm rngKo-mmmrnsto 

I^CC 1 X 1 0 1 0 -Sr/cm 3 m&±l£2>&s ^MfiftKlK 
JB3*i5»3Ri«K#9 — 1 7 p pmaCD^x^rit 

««B^©rtwa/jN^ai*fla*. **rcfc i x i o 9 t 

/cm 3 M&icm £ K) . ¥ v Z y > #»&SI* & tf£ 

[0009] *i^i*c(DJ:5araBjScc«*r»s*i 

[0010] 

RjK»^aa©rtssa/j^BiBfi3&5 1 x i o 8 ~ 2 x 1 

0 1 0 ^r/cm 3 t*5Ci*#tit5i/y3>ffeS 
[0 0 1 1 ] c©J:5{c* 3 *7;i,;*+--ffiK: c fc 9^31 



(3) JftH 2 0 0 0 - 2 1 1 9 9 5 
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* y ^yjRteffia^fctt^^^KJSJSUKfflia 
Oft%fo'l > &l&&&& 1X10 4 -2X10 1 0 ^r/an 
8 ge*^>yr3>#feS^x-y%{cJt^T^g«:K 

[0013] C<Dt§^ *$S§9<MB3J8B2 (CEttbftiJ: 
BufB^y=3>^g^x-^(D^2gS^l x 1 

0 1 2 — 1 X 1 0 1 6 atoms/an 3 r * £ C £ l* 

20 SSRaftK* 1 x 1 0 1 0 atoms/cm 3 JSJLh 

©#sk u < . y =2 >*B»©«isaf tcDtt a h 

J:5W ■ifcfcCCtt. 5 X 1 0 1 5 atoms/an 3 «T 
£T£<D#J?£ t>l># x CO1X10 1 2 —1X10 

1 5 atoms/cm 3 ©fiH0D3*iSK«\ g 0 B a ^ffi©SgO 

[0014] ceM*&, *%49<DflM&g3 KI£tSL</cJ: 
30 5*c. MiB^y 3>«Ba^x-^©S3RiftK3&si x 1 
0 1 3 —1 x 1 0 1 4 atoms/on 3 X&tlttS h 
lr>. 1 X 1 0 1 4 atoms/cm 3 «T 4 Ttitf, 

y * * y >^^s^/c«^v^«iii»toa^sti 

<Z> <fc 5 ft ■? x - ^^M^c xt^^t ^JSEfi*tTtt o 
C0OSFffitttC#l>. MUcxt^^^t 

^■^KUB^snsajB^B (sf) ft<jrcD» H ^B* 

7jgS^l x 1 0 1 3 atoms/cm 5 «±r^>n^, ^ y ^ y 

-^o^* y ^ y > tms&fifmx # a 

[0015] CCD^ X *^(Dft^4 {CS5ttLfc<t 
50 ffl«|(WBfiE*Mi±TSCife-C*S B ^>Vl/^gp-C 
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[0016] CCDm^. *^9©sf*^5 KlSigbftiJ: 
5fc % UrE^ya>*ISJlKb&s. ttumoi 1 5 0 
*C*>6 1 0 8 0 B C£r<9&£PiIg£ 1 . 0-4. 5°C/m 

*?* tiiiJiesa<D 1 1 5 o °c^^> ioso-cs-c 

<DteSBtfi#l. 0-4. 5*C/minCD©fflr£>ftfct IS 
«/J^B*fi3&S I x 1 0 a -2X10 1 0 >r/cm a <Dffi 

JUS** SfSSK, HlPlaig, jR&ft&m&*fflWL~D 

ccjnir 5 c i v 3>«e»->x-^o 

[0018] C©<fc3fc, KS«Kfeci:^*P2S<7>^ 

^JK f - y'm& & &m it, >- y n 

g<9$«ffifflte*iPIfrcS^U teXf&m$&2&2~~ 1 2 
0 % ^ortapa/jN^HSafiK^ 1 x l 0 5 —2 x 
10' 0 *Van 3 ^^lg a a a «CD>>yzi>#^^x- 

[0019] C *»jB<DBWc317 KIEigb/cJ: 

^-r^sase* ixio ,2 -ixio ,s atoms/cm 

fc, mmm&Z 1X10 1 3 -lXlO' 4 atoms/cm 3 

pma(c§rjffll , r*C<t*iJfao<. 3 6Ctlit33§ 1 0 K: 
BttLfcJ: 5(c, ttWSWtOttAfiS^O 1 1 5 0 "C 
*61 0 8 0"C*T©»sS6B*tl. 0-4. 5'C/min - 

[0 0 2 0 ] c<DJ:5K:, »*F-^fcS/y3>i 
&II#*W/3trSBgK:> MSiSS, HR«K. te£KIK 

S£3#2- 1 2 Mmt*^ ^rt»»/J^K«?fi»* 1 
X 1 0 a -2X 1 0 1 0 ^r/on 3 K*«irS*lfc^ "J n> 

[0 02 1 ] 6CcBliB(cttWr *. * 
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[0 02 2 ]«, ^>y ^>^x^c^XffiJl&3<*: 

3 S CW»SM^0dB««*S* U fcHr * S . 
10 [0 023 )Hl(CSTJ:5{c» «e*©*ffi©<fc5fc« 

i*e*«9-vi 7 p p m slcdv x~-^x-\zmxmmsi£ £ 

rtWa/WdB*«tt. 0-0. 5wm, 8x1 

0 8 -1 X 1 0 a ^r/crn 3 i^o/*«iri» 

[0 024] ZCDJWmt. aaEffiCCfeWSfSft^OBO-tf- 

(a) (b) tt^U3>*»»^x-/\rto|Sa^|B i 

20 (b) \*m&m&l£J:ZVx.-^ft<D^Z^tcm 
tri*. i2 (b) K^TJ:5fcSe*ffiK:.fcS& % «A 

4Ci*sr*r, *I^IB»SS*W< S-esjRHitt^ 
[0 02 5] *CT. ^3 

30 ^*-fficcj:o^y3>#«ft*iria'r-BiRtc»{ftF 
& 0 , rtwaw^«ffl£« ix 1 0 8 -2 x 1 0 1 0 y 

/an 3 <L H -5 E«BTT*W-C . 
[0 02 6] Sfc, H2 (a) fC*«K©3x-^|*3© 
fiB^^L^o 02 (a) k:^r <fc 5 Cc*«Wo^S6{c 

r#^> 0 Jn^r. ^x-zNO/^u^stctt, y*#y> 

[0 02 7] *«93©*y y 3>*Lfe«->x-^*sc©J: 

0 tvci>*«ft6-t'&s. rtttofe. JW*^y3>JMi» 



£ (T.Abe and H.Takeno.Mat.Res.Soc.Symp.Proc.Vol .2 

62,3,1992) . c<mm*m*&7L<DmmMm&* 

[0 0 2 8 ] -75\ ^RM^eS^S^^KS^ftil* 

F.Shimura and R.S.Hockett.Appl .Phys.Lett.48,224,19 
86) 0 Se-^r, ttSR^jSUICCF-^-riCiKlctD, •> 

1 x l 0 1 0 atoms/cm 3 JSLhCCf U < . 

s/c^y 3>miiJ©iM#r*s5 x 1 0 1 5 at 

cms/oif *ttA4<!: % >*efi<3D#eaYfc*©fe 

JHt^flBIHIftK* 1 x 1 0 1 2 - 1 x 1 0 1 5 atom 
s/cm 3 cD©H-r > ab^Ci^:mfctlO/c e F-:/T5£JR© 

jc^^sais irta^j^Bttfi^igwo^x-^ 

[003 1 ] S6(cSD^.r*aiBO*?8#tt, 
£ 1 x 1 0 1 8 -1X10 1 4 atoms/cm 5 C tifi 

rO , ^fi<l 0 0>CDJ|tttlM« t 5Lht«ttl. 0 
mm/min, 1. 8 mm/m i n, © 2 «£Rr5 LLW 
/c 0 fflRi«ffi#3 xio ,2 -lxi0 ,5 at 

cms/on' & & 3 cfc 5 fcMfWK&A-r i>fb£Hlff« 

>*ttii«*sin:u j^y=i>*Bsaiiffi">x-/Ntf¥ 
s?ofc e fNRsnfc^yn>mttfi«®^x-^(3[)ffiK 

mzii*-§rtii>ffol 0Q • cm, BBRiftKtS 9-^-1 7pp 
ma ( J E I DA) ©Sifflr£>-?ft: 0 ; 
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[0 03 2]^ Ctl6Wx-^{ci lOO'C, 6 

o^©osF»^Bsyea*ffi\ *ffi*c*£i/fcosF 

fCfcor , m^flftlftO^SB 1. 0E+13ttlxi0 

1 3 *«tturt»s. E3J:o, «8K*jixio 

1 4 atoms/cm 3 KTCCfcUr, O S F -T£M»I 

*«iB«clB /Jn L r t» * c 4 a . 

[0 0 3 3] £tt x OSF*SH2L/fc">x-^<bR|— gfe 

frrfaiLteSOr>x-^ccocar % o s F»ft*tf&t> 
10 Tfc, 8 0 0U 4^FHcD^&ffi OBRJHBA) ilO 

oo-a i 6«mo>iift«yiB3i«fTi^ «3fi©opps 

S*«a»* 1 x 1 0 1 • atoms/cm' £U:r«WJIfC 
1 x 1 0 8 <5r/cm 3 eLb©«SI«/J^aB«K*J»6tl-B 

[0 0 3 4] (Hi2)IM^lxi0 1 3 - lx 
1 0 1 6 atoms/cm 3 r JQfe 1 &H— tt*<D 

®a <h L r X 1 0 0 6 °C/minr#S 

20 U 1 2 0 0-Cr60#IB*l,fc«. 3 0 C/minr^-r 

^si//c 0 ^cc % t^no^x-^©^^, xt- 
^^^tMSgMffl^ri o 9 o*cr i 5 umcom 

x fcf jr + 5/ * ^JmftOftBoni9CPB ( S F ) 
SP1 (KLAf>3w^iS D a D S) (CiOfrlrV* 
©MMS4^tL/c 0 H4K:*t*rfc % WUitf 
ttOSEl. 0E+ 1 3«1 x 1 0 1 8 '£XEfeLri> 

30 [0035] @4J:i 5l»±tfau*. y?>y>y« 

»W*KCW*>6r* ^Jgaggtfl X 1 0 1 4 atoms/ 

a^aTv^na^^^^j\^mBM(D9MXK (s 

' "-[0 03 6] «±OHittS*** iat>5 i . JM±©*3&J 
¥fl£o aBR*SF-^Stifc«>x-/\tt % ^*7dry>^M 
^Sfctt^M^^fBBIfc^tJtrG ^x 

40 [0 03 7] O^U, flBRtlBe« 1 x l 0 1 4 atoms/cm 

i§J»«BMff©ttJBr fe^rj), osf s^fia&r ^tt i * 
(Dr, OSF3&s^r4«iS€r 1 5x-/^ffifcfoyfcO« 

Cc*j(r^rtt. J:O«0g(COSF«*?B»$-SSc4#sr 
#^Or, COA^ft^x-^iccjgisRSn^:^^^ 
©4*tttt3 6CC<B«tt<D*lr>fc©ittS/tt* % OSF 
©tttt. ft^CDttf bBW£E«ttff IE ( T Z D B , TDD 

so B) rtt^siur«msn&t»^<3Br*s. 
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[0 03 8 ] tit* mm£&* 1 x 1 0 1 4 atoms/cm 3 

WFicLicms. osF&<offimicm\ ^-jx-a 
i&Ltcx-vz^^+frm^mmzftzmmtKm (s 

[0 03 9] mm&& 1 x 1 0 1 3 atoms/cm 3 

m&m&oifos&xm&mz ixio 9 tr/cm* &±*m 

»cS6h5©r % <fc D-l©^' ^ $ y > ^SURsVm 

[0040] ifc»g8#tt. ft^cfijiais £rtew*/Ms 

l^t^Ilfc, C^t 17ppmaOTO^ 

9 - 1 7 p p m a <S«1IT£> & C <h 

[0 04 1 ] $ 6te»Ji#tt. ft&KJIgES 

te, JSBfiSfiBtG) 1 1 5 0 °C^6 1 0 8 0 'C£T:(Dfti£9 
SlffSl. 0 — 4. 5T!/minfc$0a^SC£3WffSLlr> 

S. 0-C/minW±fcS<TtiJiMS^R5 
©■9-YX*»/h-rsci*sr* v *&aaa»*4. 5°c/m 

^#2S^ 1 , 0-4. 5°C/min09®H^$iJfflIT^ 
Ci*s»iOl>. 4. 5 •C/min&±<DlfeWmm.-Cto 

[0 0 4 2 ] 

*fcfl#KIBg6 0-2 5 1 1 9 0#«cE«Stir^*J:5 
[0 04 3] -J-ttfo^, CZfttt, fiSErU^^CCiRS 
cn^lHlKS *&*S6i9>o < 0 i5l#±C/TBfSiaS<D 

si;v^*ft(ciftt*Anrfe < #\ ^ y nvisg* 
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*frDlxlO ,2 -lxiO ls atoms/an 3 1 
X10 18 — 1X10 14 atoms/cm 3 <£>^tagg&C$fJ$) 
TSCi fcSgCCfr set #r * £ B 
[0 0 44] *fc, «raufcJ:5K:**l8Ttt, CZS 
fcctoraE**F-^Lfc^'J=i>*»»#**flf3-S 
Rfc* #»«fc£«ShSI««K*, 9-1 7 PP 

[0 045] ^/c, iraL/fc«t^CC^:«§8-Ctt, CZS 
RCC % efiJSfeBtt>©?&aHSff* 1 . 0-4. 5'C/brinR: 

5 y > y «r w zmvjjmzmm? z> c t *«r * 

30 [0 046] LTCZffifCtoCvc, 9rS«ff©g* 

■y -a xr-zYjcinx-r*. cneo 

40 [0 04 7]^lt 4 C5lt»6ti^>ya>ISS B a B 

^x-^*, -eo^y^^y >{fminm*$J:zf/£ic 

'J>£C«ffifl»* 1X10 8 -2X10 10 ^r/cm 3 
C<D*#6IBO^y=i>«eB^xwYtt % fA^XflEg 

w<, m*y? zv>?mt}Z^?zic&7 £ ^jx?&m 
HiH^x-Aias. 

50 [0 048] 



01 

3Ert^#fc, Kf^ttS^y3>***--^U ttS8 
-f PI, :frft< 1 0 0>, tmmi 0 Q • cmCD 

»tl 2#5LBffc. 

[0049] mm b--ym<Dmwte. m»*cc*6^d 
it*j< ci«c<t9tT&ofc. mm&&<Dfflw\t. si* 

[0 0 5 0 ] CCT»e>ftfc*»fi#3fc6, "7>fi-V- 

fc^**y>^*^«twfc. c<Dt§^<£>y*£y> 

;^*>5 0%^6^SigTt t 6*C/minO#^T' 
1 2 00*C£rJ¥iBU 1 2 0 0W6 0^«#Uc 

3 -C/niinOBffl*rf&*irr -5 CtdCjz K) tfo fc„ 
[0 0 5 2] C<D» % Cti6 1 2«R©^ya>*|ga 
«5x-^<D^BJiailS«rffflBOyt. CO^B5Sai$ 

£^*/c^xw\£!£{iL,;fc. fir, SC-1SM 
(T>-*XT* (NH, OH) ijSBMbkX* <H, O 
2 ) 2a0 c a«*Ol : 1 : *CT, 

^^ags 8 o °cn bshhjism-s c <t k <t o c 

OP*SlffiftSi±, ^w^MKLA/Tenco 
rttSSSP 1/*— : ^-f ^WeSaBCT, *(D»)i-^ 
SffiCc#ffi"r5^:*-3^0.. 1 0 MmfiLbCDCOP (Cr- 
ystal Originated Particle) Kl^l^T, COPt^ 

•^ht^ci^i^ri^i/co Mm® 

[0053] &tt x mxmmmztrc^Tte. ±%ztm 
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m.itmtJ£&W<Dmm\Z. TZDB (Time Zero Dielec 
trie Breakdown) (DC*:— K*K^ f¥ 1/ < te: U > K — :/ 
#y$/ya>*I (HMUUV2 5nm, IIii8mm 
2 ) «Sm^ffilmA/cm 2 'CWfflfiU/c«^K 
81S8MV/cm«±(Dfe(Z)?:Ia a n<!: Lt, ^x-/n® 
fllOO ^01MiHfci|^cr)Ia n D$^C - m o d 

[0054] Jfc TDDB (Time Dependent Dielect 
10 ric Breakdown) (Or*:— ¥^^Xi>WMLtc 0 Ctl 
tt,. ^F-^VVyaVlI (Sfbif 2 5nm, 
igffi4mm 2 ) £fl=RU X h l<xmmo .0 1m 
A/cm 2 Sr^MlftttSfD It , 2 5 C /cm 2 «±r|6« 

WftWffil-i fecr>^Mo D D i L/T, Sx-^aft l o 0 

^(D«S*aS£L;fc*B^^**T -m o d e S n Q D $ 
cbU/Co T Z D BMT D D BS^CD^ffiCfc 

[0055] cco^, cne>i 2«Hovy3>#«a 
-c\ 8 oo'c<Ditmm& 4mt&MLXfrt>, lOOO'C 

(Dwumjem* 1 6 b#ih*tc £ k J: ortf 
[oo56]^ir 4 cne.i2SS^>y3>fg H B a 

£dBSffi<D«I56B:OP P (Optical Precipitate Profil 
er) i£rtf^/Co CCDOPP&tt, S Jl^)l>X*r~-$t J 

\y-^%^Wty^) ^^X2^<Dm^T^> 9 0* 

[0057] c ^ OT»6ftfc*jjEe«*3i l 
/c 0 ccr^RJl&3©i^fc^Tra\ copsjc 

J:5ffitt!)x-^Ifi0C O Pft&J 1 0 0 J: 0 
8E3*r^*iW6JBr*StffFfiiL, *fc»ftJIHEEK: 

40 [0 05 8 ] 
[*1 ] 
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£ * a & 






g&j&mmz (urn* 




(atoms/cm*) 


(p pm a) 




















3x10" 


2. 3 


1 0 


12 


1 2 


ixi o* 






1 4 


g 


a 

D 


Bxi 0 9 






1 6 


2 


3 


9xl 0 9 




3. 6 


1 0 


1 2 


1 2 


2xt 0' 






1 4 


12 


7 


9x1 0 9 






1 6 


1 2 


6 


lxl 0 10 


3x10" 


2. 3 


1 4 


2 


3 


Ixl O 9 




3. 5 


1 2 


9 


6 


3xl 0 9 






1 6 


6 


3 


9x1 0 9 


2xlO ia 


3. 5 


1 2 


7 


3 


7x1 0« 


ML 


2. 3 


1 4 


0. 3 


0. 5 


2X1 0" 




3. 5 


1 0 


0. 1 


0. 5 


5X1 o T 



[0 06 0] ±f^Ufi^SI(ClSSSti 

t»to«)4»»*Bii!jn"rsMczffifc$afns. 
[0 06 2] $/c, ^y=i>^jefi->j:-7Ncci6dnfc 

So 



[0 06 3] 

fflffl?z c t it <fc o , ^7^y> ^^»©fc§£ci6Ji 

i£££2~~ 1 2 /zmO®Htc-r^>Ci^-C#, $*»*y 
^RSSS£ 1 x 1 0 8 —2 x l o 1 0 ^r/cm 3 
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PROBLEM TO BE SOLVED: To enlarge the control region of defect-free 
layer depth and fine defect density of the inside in a CZ silicon wafer. 
SOLUTION: This silicon wafer is a silicon wafer which is obtained from a 
silicon single crystal rod grown by doping with nitrogen by CZ method, has 2- 
12 fxm defect-free layer depth after gettering heat treatment and after 
device production and heat treatment of silicon wafer and 1 x 108 to 2 x 
1010 defects/cm3 internal fine defect density after gettering heat treatment 
and after device production and heat treatment This method for producing a ! 
silicon wafer comprises growing a silicon single crystal rod doped with 
nitrogen by CZ method while controlling a nitrogen concentration, an oxygen 
concentration and a cooling rate and processing the silicon single crystal rod 
into a wafer. 
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* NOTICES * 

iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The silicon single crystal wafer characterized by being the silicon single crystal wafer which 
sliced and obtained the silicon single crystal rod which doped nitrogen with the Czochrlski method and was 
raised, and for the defect- free layer depth after gettering heat treatment of this silicon single crystal wafer or 
device manufacture heat treatment being 2-12 micrometers, and 1x108 to 2x1010 internal minute defect 
density /after gettering heat treatment or device manufacture heat treatment being [ cm ] 3. 
[Claim 2] The silicon single crystal wafer indicated to claim 1 characterized by the nitrogen concentration of 
said silicon single crystal wafer being 1x1012- 1x1015 atoms/cm3. 

[Claim 3] The silicon single crystal wafer indicated to claim 1 characterized by the nitrogen concentration of 
said silicon single crystal wafer being 1x1013-1x1014 atoms/cm3. 

[Claim 4] The silicon single crystal wafer indicated in any 1 term of claim 1 characterized by the oxygen 
density of said silicon single crystal wafer being 9-1 7ppma thru/or claim 3. 

[Claim 5] The silicon single crystal wafer indicated in any 1 term of claim 1 characterized by said silicon 
single crystal rod being a single crystal rod controlled and raised in the range of 1 .0-4.5 degrees C / min in 
the cooling rate from 1 150 degrees C to 1080 degrees C at the time of crystal growth thru/or claim 4. 
[Claim 6] The manufacture approach of the silicon single crystal wafer characterized by raising the silicon 
single crystal rod which doped nitrogen with the Czochrlski method in the manufacture approach of a silicon 
single crystal wafer, controlling nitrogen concentration, an oxygen density, and a cooling rate, slicing this 
silicon single crystal rod, and processing it into a wafer. 

[Claim 7] The manufacture approach of the silicon single crystal wafer indicated to claim 6 characterized by 
controlling the nitrogen concentration doped on this single crystal rod to 1x1012 -1x1015 atoms/cm3 in 
case the silicon single crystal rod which doped nitrogen with said Czochrlski method is raised. 
[Claim 8] The manufacture approach of the silicon single crystal wafer indicated to claim 6 characterized by 
controlling the nitrogen concentration doped on this single crystal rod to 1x1013 - 1x1014 atoms/cm3 in 
case the silicon single crystal rod which doped nitrogen with said Czochrlski method is raised. 
[Claim 9] The manufacture approach of the silicon single crystal wafer indicated in any 1 term of claim 6 
characterized by controlling the oxygen density contained on this single crystal rod to 9 - 1 7ppma in case the 
silicon single crystal rod which doped nitrogen with said Czochrlski method is raised thru/or claim 8. 
[Claim 1 0] The manufacture approach of the silicon single crystal wafer indicated in any 1 term of claim 6 
characterized by controlling the cooling rate from 1 150 degrees C to 1080 degrees C at the time of the 
crystal growth of this single crystal rod in the range of 1 .0-4.5 degrees C / min in case the silicon single 
crystal rod which doped nitrogen with said Czochrlski method is raised thru/or claim 9. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/fran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipd 2/7/2006 



JP,2000-211995,A [DETAILED DESCRIPTION] 



Page 1 of 8 



* NOTICES * 

iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In case this invention pulls up a silicon single crystal with the Czochrlski method 
(CZ process), it relates to the technique of manufacturing the silicon single crystal wafer which has desired 
quality, by doping nitrogen, and controlling nitrogen concentration, an oxygen density, and a cooling rate, 
and performing crystal growth. 
[0002] 

[Description of the Prior Art] As a wafer for producing devices, such as a semiconductor integrated circuit, 
the silicon single crystal wafer mainly raised by the Czochrlski method (CZ process) is used. If a crystal 
defect exists in such a silicon single crystal wafer, a poor pattern will be caused at the time of semiconductor 
device production. Since especially the pattern width of face in the device integrated by altitude in recent 
years is a very detailed thing of 0.3 micrometers or less, at the time of such pattern formation, also in 
existence of the crystal defect of 0. 1 -micrometer size, it will cause a poor pattern and will reduce the 
production yield or quality characteristic of a device remarkably. Therefore, the crystal defect which exists 
in a silicon single crystal wafer must make size small as much as possible. 

[0003] Into the silicon single crystal raised by the CZ process, it is recently reported especially that the 
crystal defect which is called a Grown-in defect and which was introduced into crystal growth exists. It is 
thought that the main causes of generating of such a crystal defect are oxygen sludges which are the floe of 
the oxygen atom mixed from the cluster or quartz crucible of an atomic hole condensed during single crystal 
manufacture. If these crystal defects exist in the surface section of the wafer with which a device is formed, 
since they will turn into an injurious defect which degrades a device property, it is desirable to produce the 
wafer which has the defect-free layer (DZ) which reduces such a crystal defect and has sufficient depth in 
the surface section. 

[0004] Moreover, if heavy-metal impurities, such as Fe and Cu, exist in the surface section of a silicon 
single crystal wafer, degradation of a device property will be produced at the time of device production. 
Therefore, as a gettering site, an internal minute defect is deposited in the bulk section of a silicon wafer, 
and the in thorin chic gettering (IG) which removes a heavy-metal impurity becomes important at it. In order 
to make this in thorin chic gettering effective, it is needed to make the internal minute defect (BMD) of 
sufficient consistency for the bulk section of a wafer form. In addition, an internal minute defect here points 
out minute defects which induction is carried out to the oxygen sludge and precipitation of oxygen which 
exist in bulk, and are generated, such as a rearrangement and a stacking fault. 

[0005] In manufacture of a silicon semiconductor wafer, the depth of the defect-free layer on the front face 
of a wafer where a device is produced after gettering heat treatment or device process heat treatment, and 
the consistency of the internal minute defect inside the wafer used as a gettering site serve as an important 
element from the above point. 

[0006] It was known that this defect- free layer depth and internal minute defect density will be dependent on 
the oxygen density of the silicon single crystal raised by the CZ process or the cooling rate under silicon 
single crystal training (growth rate). Therefore, although the defect- free layer depth and internal minute 
defect density of a silicon wafer are controlled conventionally, mainly controlling an oxygen density and a 
cooling rate was performed. 
[0007] 

[Problem(s) to be Solved by the Invention] However, since the silicon single crystal wafer obtained from the 
silicon single crystal rod raised by the approach of controlling such an oxygen density and a cooling rate had 
the large size of crystal defects, such as a Grown-in defect, a crystal defect was not fully able to be 
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extinguished by subsequent gettering heat treatment etc. As the result, the defect- free layer depth of the 
conventional silicon single crystal wafer had become an about 0.5 -micrometer shallow thing at the 
maximum. 

[0008] Moreover, in the conventional method, in the case of the wafer of the hyperoxia concentration of 
20ppma (JEIDA: Japan Electronic Industry Development Association specification) extent, although the 
internal minute defect density after heat treatment became about [ 1x1010 //cm ] three at the maximum, 
since the crystal defect of an oxygen reason near the front face remained, it had become the cause of 
reducing the yield of a device. Moreover, with the wafer of 9 - 1 7ppma, in order for the internal minute 
defect density after heat treatment to stop about [ 1x109 //cm ] at three at the maximum and to obtain 
sufficient gettering effectiveness, internal minute defect density is insufficient of the oxygen densities 
usually used for a device. Therefore, the fall of the device process yield resulting from the heavy metal 
pollution on the front face of a wafer was a problem. 

[0009] In view of such a trouble, it succeeded in this invention, it expands sharply the controllable range of 
the defect-free layer depth and internal minute defect density in the silicon single crystal wafer produced by 
the CZ process, and aims at obtaining the silicon single crystal wafer of high quality. 
[0010] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, invention 
indicated to claim 1 of this invention It is the silicon single crystal wafer which sliced and obtained the 
silicon single crystal rod which doped nitrogen with the Czochrlski method and was raised. The defect-free 
layer depth after gettering heat treatment of this silicon single crystal wafer or device manufacture heat 
treatment is 2-12 micrometers. And it is the silicon single crystal wafer characterized by 1x108 to 2x1010 
internal minute defect density /after gettering heat treatment or device manufacture heat treatment being 
[cm] 3. 

[001 1] Thus, the silicon single crystal wafer which consists of the silicon single crystal rod which doped 
nitrogen with the Czochrlski method and was raised The defect-free layer depth after gettering heat 
treatment or device manufacture heat treatment by 2-12 micrometers And since the internal minute defect 
density after gettering heat treatment or device manufacture heat treatment becomes controllable in the 
sharply large range [ 1x108 to 2x1010 pieces // 3 and the conventional silicon single crystal wafer ] cm, The 
field in which device formation is possible is large, and serves as a silicon single crystal wafer which has 
high gettering capacity. 

[0012] In addition, heat treatment performed even before going into a device process after processing the 
raised silicon single crystal rod into a wafer is named generically, and it mainly aims at disappearance of the 
crystal defect near [ by the out-diffusion of impurity oxygen ] the front face for gettering heat treatment 
here. Device heat treatment names generically heat treatment performed by the device production process, 
after processing gettering heat treatment and others to a wafer. 

[0013] In this case, as indicated to claim 2 of this invention, it is desirable that the nitrogen concentration of 
said silicon single crystal wafer is 1x1012 -1x1015 atoms/cm3. In order to make size of a crystal defect 
small and to control growth of a defect In order it is desirable to make nitrogen concentration into three or 
more 1x1010 atoms/cm and to make it not become the hindrance of single-cry stal-izing of a silicon single 
crystal Although it is desirable to consider as three or less 5x1015 atoms/cm, the nitrogen concentration of 
the range of this 1x1012- 1x1015 atoms/cm3 Since it is the nitrogen concentration most effective for 
control of growth of a crystal defect, if the nitrogen concentration of a wafer is this range, size of a crystal 
defect can be made small enough and the defect-free layer depth after gettering heat treatment can be made 
deep. 

[0014] In this case, it is still more desirable, if the nitrogen concentration of said silicon single crystal wafer 
is 1x1013 - 1x1014 atoms/cm3 as indicated to claim 3 of this invention. Since an OSF nucleus can be more 
certainly extinguished after nitrogen concentration is given to three or less 1x1014 atoms/cm then gettering 
heat treatment, or device manufacture heat treatment, the property of the device formed on such a wafer 
becomes what has still higher dependability. Moreover, when epitaxial growth is performed on such a wafer 
front face, it also has the advantage which can control remarkably crystal defects, such as a stacking fault 
(SF) formed into the formed epitaxial layer, with this OSF disappearance. On the other hand, if nitrogen 
concentration is three or more 1x1013 atoms/cm, since three or more [1x109 //cm ] are obtained certainly, 
the internal defect density after gettering heat treatment or device manufacture heat treatment can expect 
much more gettering effectiveness. 

[0015] In this case, as indicated to claim 4 of this invention, it is desirable that the oxygen density of said 
silicon single crystal wafer is 9 - 1 7ppma. If the oxygen density of a silicon single crystal wafer is the value 
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of this range, growth formation of a crystal defect can be controlled further and formation of the oxygen 
sludge in a defect-free layer can also be prevented. On the other hand, in the bulk section, since precipitation 
of oxygen is promoted by existence of nitrogen, even if it is the hypoxia concentration of 9ppma extent 
which is the lower limit of the above-mentioned range, the IG effectiveness can fully be demonstrated. 
[0016] In this case, as indicated to claim 5 of this invention, it is desirable that said silicon single crystal rod 
is a single crystal rod controlled and raised in the range of 1 .0-4.5 degrees C / min in the cooling rate from 
1 150 degrees C to 1080 degrees C at the time of crystal growth. If the cooling rate from 1 150 degrees C to 
1080 degrees C after crystal growth is the range of 1 .0-4.5 degrees C / min, a crystal defect can be made 
small enough and the silicon wafer the defect- free layer depth after gettering heat treatment is 2-12 
micrometers, and the range of whose 1x108 to 2x1010 internal minute defect density /is [ cm ] 3 can be 
manufactured. Moreover, if it is the cooling rate of this range, it is not necessary to make the growth rate of 
a silicon single crystal so late that it have influence on productivity. 

[0017] Moreover, invention indicated to claim 6 of this invention is the manufacture approach of the silicon 
single crystal wafer characterized by raising the silicon single crystal rod which doped nitrogen with the 
Czochrlski method, controlling nitrogen concentration, an oxygen density, and a cooling rate, slicing this 
silicon single crystal rod, and processing it into a wafer in the manufacture approach of a silicon single 
crystal wafer. 

[0018] Thus, by controlling an oxygen density and not only a cooling rate but the amount of nitrogen dopes, 
and raising a silicon single crystal rod, the control range of the defect- free layer depth and internal minute 
defect density can be expanded sharply, and can manufacture the silicon single crystal wafer of the high 
quality whose defect-free layer depth is 2-12 micrometers and whose 1x108 to 2x1010 internal minute 
defect density /is [ cm ] 3. 

[0019] In this case, as indicated to claim 7 of this invention, in case the silicon single crystal rod which 
doped nitrogen with said Czochrlski method is raised, it is desirable to control the nitrogen concentration 
doped on this single crystal rod to 1x1012 - 1x1015 atoms/cm3, and if nitrogen concentration is controlled 
to 1x1013 - 1x1014 atoms/cm3 as indicated to claim 8, it is much more desirable. Moreover, as indicated to 
claim 9, as further indicated to claim 1 0, it is desirable [ it is desirable to control the oxygen density 
contained on this single crystal rod to 9 - 17ppma, and ] to control the cooling rate from 1 150 degrees C to 
1080 degrees C at the time of the crystal growth of this single crystal rod in the range of 1 .0-4.5 degrees C / 
min. 

[0020] Thus, in case the silicon single crystal rod which doped nitrogen is raised, the silicon single crystal 
wafer by which the defect-free layer depth is 2-12 micrometers certainly, and 1x108 to 2x1010 internal 
minute defect density /was controlled by 3 cm can be manufactured by controlling nitrogen concentration, 
an oxygen density, and a cooling rate in the above-mentioned range. 

[0021] Hereafter, this invention is further explained to a detail. In addition to controlling the oxygen density 
and cooling rate which were performed by the conventional approach, this invention results research in 
completion in piles wholeheartedly by controlling the nitrogen concentration in a silicon single crystal based 
on the knowledge that the range which can control the defect-free layer depth and internal minute defect 
density is sharply expandable. 

[0022] Conventionally, the defect-free layer depth and internal minute defect density of a silicon wafer were 
controllable only in the very narrow range. Drawing 1 is drawing having shown the defect- free layer depth 
and internal minute defect density of a silicon single crystal wafer in the value of each parameters, such as 
an oxygen density, here. 

[0023] As shown in drawing 1 , even if it changes an oxygen density like the conventional approach and 
changes a cooling rate, it turns out that an oxygen density can control the defect-free layer depth and 0-0.5 
micrometers of internal minute defect density by the wafer of 9 - 1 7ppma cm only in the narrow range 
8x106 to 1x109 pieces /3, respectively. 

[0024] This cause suited the size of the crystal defect in a conventional method, the size of an oxygen 
sludge, and its consistency. Drawing 2 (a) and (b) are drawings having shown typically the crystal defect in 
a silicon single crystal wafer, and the appearance of an oxygen sludge, and drawing 2 (b) is drawing having 
shown the situation in the wafer by the conventional process. Although according to the conventional 
method the consistency of a crystal defect is low and there are few defects as shown in drawing 2 (b), a 
crystal defect with large size will occur. In subsequent gettering heat treatment, the crystal defect with this 
large size could not fully be removed, but had become the cause of making the defect- free layer depth thin. 
Moreover, the consistency of the oxygen sludge in the wafer bulk section was low, and since the size was 
also small, gettering capacity became low. 
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[0025] Then, when the artificers of this invention raised a silicon single crystal with the Czochrlski method, 
they doped nitrogen, and they hit on an idea of controlling the amount. The defect-free layer depth and 
internal minute defect density in each parameter value of a silicon single crystal wafer of this invention were 
written together to drawing 1 . The defect- free layer depth of the wafer of this invention is 2-12 
micrometers, in internal minute defect density, 1x108 to 2x1010 pieces/cm, it is wide range and drawing 1 
shows [ 3 ] that is controllable. 

[0026] Moreover, the situation in the wafer of this invention was shown in drawing 2 (a). Although 
according to the approach of this invention the consistency of a crystal defect is high and there are many 
defects as shown in drawing 2 (a), a crystal defect with small size occurs. The crystal defect with such small 
size is easily eliminable by subsequent gettering heat treatment etc. Therefore, the defect-free layer depth 
can be made sharply deep compared with the conventional wafer. In addition, in the bulk section of a wafer, 
since the oxygen sludge with large size which is hard to dissolve by gettering heat treatment deposits in 
large quantities, the far high gettering effectiveness can be acquired compared with the conventional wafer. 
[0027] The silicon single crystal wafer of this invention has such a property because the nitrogen controlled 
by optimum dose is doped. That is, if nitrogen is doped in a silicon single crystal, condensation of the 
atomic hole in silicon is controlled and it is pointed out that the size of a crystal defect contracts (T. 3 Abe 
and H.Takeno, Mat.Res.Soc.Symp.Proc. Vol.262, 1992). It is thought that this effectiveness is for the 
condensation process of an atomic hole to shift to ununiformity nucleation from homogeneity nucleation. 
Therefore, if nitrogen is doped in case a silicon single crystal is raised by the CZ process, the silicon single 
crystal wafer into which the silicon single crystal and this which made size of a crystal defect very small 
were processed can be obtained. 

[0028] On the other hand, it is also known that a nitrogen atom has the effectiveness of making precipitation 
of oxygen promoting, in crystal growth. (224 For example, F.Shimura and R.S.Hockett, Appl.Phys.Lett.48, 
1 986) . Therefore, by doping nitrogen in optimum dose, the oxygen sludge consistency of the wafer bulk 
section can be raised, and the gettering capacity of a silicon single crystal wafer can be raised remarkably. 
[0029] If nitrogen is doped in a silicon single crystal, it will be thought that the reason the crystal defect 
introduced into silicon decreases is for the condensation process of an atomic hole to shift to ununiformity 
nucleation from homogeneity nucleation as above-mentioned. Therefore, since the single-crystal-izing of a 
silicon single crystal itself may be checked when it is desirable to make it three or more 1x1010 atoms/cm 
which fully causes ununiformity nucleation and it exceeds 5x1015 atoms/cm3 which is a solid-solution limit 
community in a silicon single crystal, as for the concentration of the nitrogen to dope, it is desirable to make 
it not exceed this concentration. 

[0030] Furthermore, as a result of the artificer of this invention repeating research and examination further 
about this nitrogen concentration, generating of a crystal defect was controlled and the defect-free layer 
depth and nitrogen concentration effective for control of internal minute defect density found out that it was 
the range of 1x1012 -1x1015 atoms/cm3. It is because the defect-free layer depth and internal minute defect 
density are easily controllable in the range of the wafer of this invention if it is such a density range with the 
comparatively high concentration of the nitrogen to dope. 

[0031] Furthermore, in addition, it became clear that it is most effective to make the above-mentioned 
nitrogen concentration into 1x1013 - 1x1014 atoms/cm3 when the artificer of this invention continues 
research further about this nitrogen concentration. The artificers of this invention conducted the following 
experiments in order to discover the optimum value of nitrogen concentration. 

(Experiment 1) The diameter of 8 inches, P type (boron dope), and the single crystal rod of bearing <100> 
were first pulled up by two kinds of pull-up rate 1 .0 mm/min and 1 .8 mm/min**s. The amount of the wafer 
with a silicon nitride film thrown in in a raw material so that nitrogen concentration may serve as 3x1012 - 
1x1015 atoms/cm3 was adjusted at that time. And the silicon single crystal rod which was able to be pulled 
up was processed, and the silicon single crystal mirror plane wafer was produced. All, the resistivity of the 
produced silicon single crystal mirror plane wafer was about 10 ohm-cm, and the oxygen density was the 
range of 9 - 1 7ppma (JEIDA). 

[0032] Next, 1 100 degrees C and OSF oxidation heat treatment for 60 minutes were performed to these 
wafers, the width of face of the OSF field generated on the front face was measured, and the measurement 
result was shown in drawing 3 . In addition, in drawing 3 , notation 1.0E+13 of an axis of abscissa mean 
1x1013. Drawing 3 shows that the field width of face which OSF generates [ nitrogen concentration ] in 
three or less 1x1014 atoms/cm is contracting extremely. 

[0033] moreover, the ** which does not perform OSF oxidation about another wafer produced on the same 
conditions as the wafer which investigated OSF — 800 degrees C, heat treatment (nitrogen-gas-atmosphere 
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mind) of 4 hours, 1000 degrees C, and oxidation heat treatment of 16 hours -- carrying out — the below- 
mentioned OPP — law estimated the internal minute defect density of a wafer. Consequently, it turned out 
that the internal minute defect density of three or more [1x109 //cm ] is certainly obtained for nitrogen 
concentration by three or more 1x1013 atoms/cm. 

[0034] (Experiment 2) Except that nitrogen concentration was 1x1013-1x1015 atoms/cm3, the silicon 
single crystal mirror plane wafer of the same specification as experiment 1 was produced, and the 
temperature up was carried out by 6 degrees C / min in 100% ambient atmosphere of hydrogen gas as 
gettering heat treatment, and it classified into what performed heat treatment cooled by 3 degrees C / min, 
and the thing which does not perform the heat treatment, after maintaining at 1200 degrees C for 60 minutes. 
Next, the epitaxial growth system was used for the front face of each wafer, and silicon epitaxial growth 
with a thickness of 15 micrometers was performed at 1090 degrees C. And SP1 (trade name by the KLA ten 
call company) performed the stacking-fault (SF) consistency of the front face after epitaxial growth, and the 
result was shown in drawing 4 . In addition, also in drawing 4 , notation 1 .OE+13 of an axis of abscissa 
mean 1x1013, for example. 

[0035] Drawing 4 shows that it is not concerned with the existence of a raising rate and gettering heat 
treatment, but the stacking-fault (SF) consistency on the front face of an epitaxial layer can be sharply 
reduced if nitrogen concentration is three or less 1x1014 atoms/cm. 

[0036] The above thing is known when the above experimental result is summarized. Since most nuclei of 
OSF (oxidization induction stacking fault) which existed in the wafer front face from the first by performing 
gettering heat treatment or device manufacture heat treatment disappear, OSF occurring and having big 
effect on a device property has few wafers with which nitrogen was doped. 

[0037] However, the field where OSF generates nitrogen concentration since there are very few OSF nuclei 
even if it is in the condition before three or less 1x1014 atoms/cm then gettering heat treatment, or device 
manufacture heat treatment can be extinguished nearly completely over the whole wafer surface. Therefore, 
since an OSF nucleus can be more certainly extinguished after gettering heat treatment or device 
manufacture heat treatment is performed, the property of the device formed on such a wafer becomes what 
has still higher dependability. In addition, the nucleus of OSF is a defect which is not detected as a defect in 
the below-mentioned oxide- film proof-pressure characterization (TZDB, TDDB). 

[0038] Moreover, when nitrogen concentration is made into three or less 1x1014 atoms/cm, it has crystal 
defects, such as a stacking fault (SF) formed into the epitaxial layer formed when epitaxial growth was 
performed on the wafer front face, and the advantage which can be controlled remarkably with 
disappearance of an OSF nucleus. 

[0039] On the other hand, if nitrogen concentration is three or more 1x1013 atoms/cm, since three or more 
[1x109 //cm ] are obtained certainly, much more gettering effectiveness can certainly expect the internal 
defect density after gettering heat treatment or device manufacture heat treatment. 

[0040] Moreover, the artificer discovered that it was desirable to make an oxygen density into the range of 9 
- 1 7ppma, in order to control the defect-free layer depth and internal minute defect density in the range of 
the wafer of this invention. It is because there is no danger that an oxygen sludge harmful to the defect- free 
layer in which a device is formed will be formed, after wafer processing and there is no fear of an oxygen 
sludge running short and causing the fall of the gettering effectiveness and the fall of crystal reinforcement 
by making it 9 or more ppmas conversely, when this is made into the oxygen density of 1 7 or less ppmas. 
Therefore, as for the oxygen density of a silicon single crystal wafer, it is desirable that it is the range of 9 - 
1 7ppma. 

[0041] Furthermore, the artificer discovered that it was desirable to control the cooling rate from 1 150 
degrees C to 1080 degrees C at the time of crystal growth to 1 .0-4.5 degrees C / min, in order to control the 
defect- free layer depth and internal minute defect density in the range of the wafer of this invention. This is 
because the size of a crystal defect is greatly influenced by the pass time of the condensation temperature 
zone region of an atomic hole. If a cooling rate is made quicker than [ 1 .0 degrees C / ] min, the size of a 
crystal defect is reducible, and if cooling rates are below 4.5 degrees C / min, a dislocation free crystal can 
be grown up. Therefore, in order to control in the range of the wafer of this invention, it is desirable to 
control a cooling rate in the range of 1 .0-4.5 degrees C / min. In addition, what is necessary is just to be able 
to find out the manufacture conditions which can produce a dislocation free crystal, even if it is a cooling 
rate 4.5 degrees C / more than min. 
[0042] 

[Embodiment of the Invention] What is necessary is to just be based on a well-known approach which is 
indicated by JP,60-251 190,A in this invention, in order to raise the silicon single crystal rod which doped 
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nitrogen by the CZ process. 

[0043] That is, although a CZ process is an approach of pulling up slowly and raising the silicon single 
crystal rod of a request diameter, contacting seed crystal to the melt of the polycrystalline silicon raw 
material held into the quartz crucible, and rotating this, it can dope nitrogen during a raising crystal by 
putting in the nitride in the quartz crucible beforehand, throwing in a nitride in silicon melt, or making a 
controlled atmosphere into die ambient atmosphere containing nitrogen etc. Under the present 
circumstances, the amount of dopes under crystal is controllable by adjusting concentration or installation 
time of the amount of a nitride, or nitrogen gas etc. In this way, it can also perform easily controlling to the 
nitrogen concentration of above-mentioned 1x1012 - above-mentioned 1x1015 atoms/cm3, or 1x1013 - 
1x1014 atoms/cm3. 

[0044] Moreover, as mentioned above, in case the silicon single crystal rod which doped nitrogen by the CZ 
process is raised in this invention, it is desirable to control the oxygen density contained on a single crystal 
rod in the range of 9 - 17ppma. In case a silicon single crystal rod is raised, the method of reducing the 
oxygen density to contain in the above-mentioned range should just be based on the approach commonly 
used from the former. For example, it can consider as the above-mentioned oxygen density range easily with 
means, such as temperature distribution of reduction of a crucible rotational frequency, the increment in an 
introductory quantity of gas flow, the fall of the ambient pressure force, and silicon melt, and adjustment of 
the convection current. 

[0045] Moreover, as mentioned above, in case the silicon single crystal rod which doped nitrogen by the CZ 
process is raised in this invention, it is desirable to control the cooling rate in crystal growth to 1 .0-4.5 
degrees C / min. In order to realize such [ actually ] crystal manufacture conditions, it is possible to carry out 
by the approach of adjusting the pull-up rate of a crystal and making a crystal growth rate fluctuating. Or 
what is necessary is just to form the equipment which can cool a crystal with the cooling rate of arbitration 
in the chamber of a CZ process silicon single crystal manufacturing installation. Approaches, such as 
preparing a water-cooled ring in the equipment which sprays coolant gas and can cool a crystal as such a 
cooling system, or the fixed location on a melt side so that a crystal may be enclosed, are applicable. In this 
case, it can consider as above-mentioned cooling rate within the limits by adjusting the raising rate of the 
above-mentioned cooling method and a crystal. 

[0046] In this way, in a CZ process, the nitrogen of request concentration is doped, the oxygen of request 
concentration is contained, and the silicon single crystal rod with which crystal growth was made with the 
desired cooling rate can be obtained. After slicing this according to the usual approach with cutting 
equipments, such as an inner circumference cutting-edge sheer or a wire saw, it is processed into a silicon 
single crystal wafer through processes, such as beveling, wrapping, etching, and polish, of course - ** these 
processes remain for having carried out instantiation listing, in addition may have various processes, such as 
washing, — modification of the order of a process part — according to the purposes, such as an abbreviation, 
modification use of the process is carried out suitably. 

[0047] And by heat-treating the silicon single crystal wafer obtained in this way in subsequent gettering heat 
treatment and/or subsequent device manufacture heat treatment, the defect-free layer depth is 2-12 
micrometers, and internal minute defect density can obtain the silicon single crystal wafer of this invention 
1x108 to 2x1010 pieces /3, cm. Since the silicon single crystal wafer of this this invention has the deep 
defect-free layer which is a device production field, the degree of freedom of device production is high, and 
since it has high gettering capacity, the device yield also serves as a high wafer. 
[0048] 

[Example] Although the example and the example of a comparison of this invention are given and being 
explained concretely hereafter, this invention is not limited to these. 

(An example, example of a comparison) By the CZ process, to the quartz crucible with a diameter of 1 8 
inches, raw material polycrystalline silicon was charged, the conditions of the amount of nitrogen dopes, an 
oxygen density, and a cooling rate were changed, and the diameter of 8 inches, P type, bearing <100>, and 
12 crystal rods of resistivity 10 ohm-cm were pulled up. 

[0049] Control of the amount of nitrogen dopes was performed by throwing in the silicon wafer which has 
the silicon nitride film of the specified quantity beforehand in the raw material. Control of an oxygen density 
was performed by controlling crucible rotation during raising. Control of a cooling rate was performed by 
changing the pull-up rate of a single crystal rod, and changing a crystal growth rate. 
[0050] From the single crystal rod obtained here, the wafer was cut down using the wire saw, beveling, 
wrapping, etching, and mirror-polishing processing were performed, and conditions other than the amount 
of dopes of nitrogen, an oxygen density, and a cooling rate produced respectively two or more silicon single 
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crystal mirror plane wafers of 12 kinds of 8 inches diameters made almost the same. 
[0051] In this way, gettering heat treatment was performed to the obtained silicon single crystal wafer. 
Gettering heat treatment in this case was performed by cooling at the rate of a temperature fall of 3 degrees 
C / min, after carrying out the temperature up of the silicon single crystal wafer to 50% of hydrogen to 1200 
degrees C at the rate of a temperature up of 6 degrees C / min under the ambient atmosphere which consists 
of argon 50% and maintaining it at 1200 degrees C for 60 minutes. 

[0052] Then, the defect-free layer depth of these 12 kinds of silicon single crystal wafers was evaluated. 
Evaluation of this defect- free layer depth performed surface polish first, and the wafer into which the 
amount of polish removal from a front face was changed was prepared. And by washing a wafer at the 
temperature of about 80 degrees C for 1 hour in SC-1 mixed liquor (1:1:20 mixed liquor of aqueous 
ammonia (NH40H), hydrogen peroxide solution (H202), and ultrapure water), minute COP was actualized 
and the magnitude which exists a wafer front face in the wafer front face with SP1 particle measuring device 
made from KLA/Tencor measured by counting the number of COP about COP (Crystal Originated Particle) 
0.10 micrometers or more. Polish removal was performed by 12-micrometer Fukashi for every micrometer. 
[0053] Moreover, it carried out also by evaluating oxide-film proof-pressure quality like [ depth / defect-free 
layer ] the above about the wafer into which the amount of polish removal from a front face was changed. 
Evaluation of oxide-film proof-pressure quality made the rate of an excellent article at the time of measuring 
100 electrodes in a wafer side the rate of a C-mode excellent article by using as an excellent article the C 
mode yield of TZDB (Time Zero Dielectric Breakdown), and the thing of 8 or more MV/cm of dielectric- 
breakdown electric fields which produced the phosphorus dope polysilicon contest electrode (25nm of 
oxide-film thickness, electrode surface product 8mm2) in detail, and were evaluated by judgment current 
value 1 mA/cm2. 

[0054] Moreover, gamma mode yield of TDDB (Time Dependent Dielectric Breakdown) also estimated. 
This produced the phosphorus dope polysilicon contest electrode (25nm of oxide-film thickness, electrode 
surface product 4mm2), passed stress current 0.01 mA/cm2 continuously, and made the rate of an excellent 
article at the time of measuring 100 electrodes in a wafer side the rate of a gamma-mode excellent article by 
using as an excellent article what dielectric breakdown generates in two or more amount of charges 25 
C/cm. And in evaluation of both TZDB and TDDB, the case where the rate of an excellent article was 90% 
or more was judged to be a defect-free layer. 

[0055] Then, heat treatment which imitated device heat treatment to these 12 kinds of silicon single crystal 
wafers was performed. This heat treatment was nitrogen-gas-atmosphere mind about the silicon single 
crystal wafer, and after performing 800-degree C heat treatment for 4 hours, it was performed by performing 
1 000-degree C oxidation heat treatment for 1 6 hours. 

[0056] And the internal minute defect density of these 12 kinds of silicon single crystal wafers was 
evaluated, measurement of this internal minute defect density — OPP (Optical Precipitate Profiler) — it 
carried out by law. This OPP method divides the laser beam which is a thing adapting a normal skiing type 
differential interference microscope, and came out of the light source first into two beams of the linearly 
polarized light from which about 90 degrees of phases which intersects perpendicularly differ with a 
polarizing prism, and it is made it to carry out incidence from a wafer mirror plane side. If one beam crosses 
a defect at this time, a phase shift will arise and phase contrast with another beam will arise. A defect is 
detected by detecting this phase contrast with a polarization analyzer after wafer side transparency. 
[0057] In this way, the obtained measurement result was shown in Table 1 . About evaluation of the defect- 
free layer depth, the evaluation by the number of COP was estimated that even the depth with few COP 
within a wafer side than 100 is a defect-free layer, and the rate of an excellent article evaluated the 
evaluation by oxide-film pressure-proofing here noting that even 90% or more of depth was a defect-free 
layer. 
[0058] 
[Table 1] 
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[0059] Compared with the wafer by which the wafer produced from the single crystal which the nitrogen 
concentration concerning this invention was controlled and was raised from Table 1 had only a conventional 
oxygen density and a conventional cooling rate controlled, it turns out that the defect-free layer depth and 
internal minute defect density are improving remarkably. Moreover, it plotted to drawing 1 by making into 
the defect- free layer depth what shows the low value among evaluation according the defect- free layer depth 
to the number of COP, and evaluation by oxide-film pressure-proofing. Drawing 1 shows that the 
controllable range of the defect-free layer depth and internal minute defect density has expanded the wafer 
concerning this invention of an example far compared with the conventional wafer of the example of a 
comparison. 

[0060] In addition, this invention is not limited to the above-mentioned operation gestalt. The above- 
mentioned operation gestalt is instantiation, and no matter it may be what thing which has the same 
configuration substantially with the technical thought indicated by the claim of this invention, and does the 
same operation effectiveness so, it is included by the technical range of this invention. 
[0061] for example, MCZ which it faces raising the silicon single crystal rod which doped nitrogen with the 
Czochrlski method in this invention, and it is not asked whether the magnetic field is impressed to melt, and 
impresses the so-called magnetic field to the Czochrlski method of this invention — law is also included. 
[0062] Moreover, also in gettering heat treatment or device manufacture heat treatment performed to the 
silicon single crystal wafer, the above-mentioned operation gestalt is instantiation to the last, and can be 
suitably changed with the specification of the device manufactured etc. 
[0063] 

[Effect of the Invention] By raising the silicon single crystal rod which doped nitrogen, and controlling the 
nitrogen concentration in Czochralski crystal, an oxygen density, and the cooling rate in crystal growth by 
the Czochrlski method, the defect-free layer depth after gettering heat treatment can be made into the range 
of 2-12 micrometers, and the internal minute defect density after gettering heat treatment or device 
manufacture heat treatment can be controlled by this invention in as large 1x108 to 2x1010 pieces/cm the 
range as 3. Therefore, the silicon single crystal wafer of this invention has a large device production field, it 
becomes a thing with high gettering capacity, and the utility value on industry is very high. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 3] 
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[Drawing 4] 
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